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manifold $\backslash \mathrm{C}^{\infty}$-map [1]
1500 2006 57-68 57
$M$ 4 $G$ ( $U(1)$ $SU(2)$ )
$\{G, P, \pi, M\}$ $M$ principal $G$ bundle :
$\pi:Parrow M$, $\pi^{-1}(m)\cong G$ .
connection $g$
$G$ $U$ $M$ connection $\{A_{\mu}\}(\mu=1\sim 4\rangle$
$A_{\mu}:Uarrow g$
curvature $\{F_{\mu\nu}\}(\mu, \nu=1\sim 4)$
$F_{\mu\nu}= \frac{\partial A_{\nu}}{\partial x_{\mu}}-\frac{\partial A_{\mu}}{\partial x_{\nu}}+[A_{\mu},A_{\nu}]\equiv\partial_{\mu}A_{\nu}-$ A\mu +[A\mu ’ $A_{\nu}$]
$F_{\mu\nu}:Uarrow g$ , $F_{\nu\mu}=-F_{\mu\nu}(\Rightarrow F_{\mu\mu}=0)$




2 Universal Yang-Mills Action : Abelian Case
$G=U(1)$ prototype curvature
$F$
$\mathcal{F}=($ $=_{F_{13}}^{F_{12}}-F_{14}0$ $=_{F_{24}}^{F_{23}}F_{12}0$ $-F_{34}F_{23}F_{13}0$ $F_{14}F_{24}F_{34}0$ ) (1)
[I] Abelian Yang-Mills action $A_{\mathrm{Y}M^{1}}[2]$
1 Maxwell action
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[II] Born-Infeld action $A_{BI}[5]$








$g$ coupling constant $1||||(|)\downarrow\ovalbox{\tt\small REJECT};\{||’\cdot\backslash ^{\nu}\iota\iota|\iota\mu\cdots$ A lills
$\mathfrak{i}|(j\mathrm{t}’\mathrm{t}\mathrm{t})1\mathfrak{l}$ ( )
(4) $gF$ ( )
$0=$ $|\lambda 1_{4}-gF|$





















$=$ $- \frac{g^{2}}{4}\{(X_{\mathit{8}d}^{2}+X_{asd}^{2})\mp 2X_{sd}X_{a\epsilon d}\}$
$=$ $- \frac{g^{2}}{4}(X_{sd}\mp X_{asd})^{2}$
$\lambda^{2}=t$
$\lambda_{1}$ $=$ $i \frac{g}{2}(X_{sd}+X_{a\epsilon d})$ , $\lambda_{2}=-i\frac{g}{2}(X_{sd}+X_{asd})$,







$X_{sd}$ $=0\Leftrightarrow F_{12}=F_{34},$ $F_{13}=-F_{24},$ $F_{14}=F_{\mathit{2}3}\Leftrightarrow\{F_{ij}\}$ : self-dual, (10)




action Born-Infeld action action
curvature matrix $F$ “ ” universal
$\mathrm{Y}_{\iota}\mathrm{u}\mathrm{n}_{\mathrm{b}^{\mathrm{r}}}\cdot\cdot$ .-Mil { $\iota \mathrm{c}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}$
(partition function)
$P(g) \equiv\frac{1}{N}\int\prod_{\mu=1}^{4}[DA_{\mu}]\int_{M}A_{FOS}(A_{1},$ $A_{2},$ $A_{3},$ $A_{4}\rangle dv_{M}$
$N$ normalization constant
action ?
so(4) $\cong su(2)\otimes su(2)$ (12)
([7] ) (12) \mbox{\boldmath $\sigma$})-- realization action




curvature $\{F_{ij}\}$ (image) $u(1)=\sqrt{-1}\mathrm{R}$
$F_{ij}=\sqrt{-1}G_{ij}$ (9)
$\ovalbox{\tt\small REJECT}$ $=$ $(G_{12}-G_{34})^{2}+(G_{13}+G_{24})^{2}+(G_{14}-G_{23})^{2}\geq 0$, (13)
$\mathrm{Y}_{a\epsilon d}^{2}=$ $(G_{12}+G_{34})^{2}+(G_{13}-G_{24})^{2}+(G_{14}+G_{23})^{2}\geq 0$ (14)
$AFOS=4 \cosh(g\frac{\mathrm{Y}_{sd}}{2})\cosh(g\frac{\mathrm{Y}_{asd}}{2})$ (15)
non-abelian case(s)




$AFOS=4$ trcos $(g \frac{X_{sd}}{2})\cos(g\frac{X_{asd}}{2})$ (16)
2
$X_{sd}^{2}$ $=$ $(F_{12}-F_{34})^{2}+(F_{13}+F_{24})^{2}+(F_{14}-F_{23})^{2}$ , (17)
$X_{asd}^{2}$ $=$ $(F_{12}+F_{34})^{2}+(F_{13}-F_{24})^{2}+(F_{14}+F_{23})^{2}$ (18)
(16) curvature matrix ?
curvature
$F_{ij}=F_{ij}^{1}\sigma_{1}+F_{ij}^{2}\sigma_{2}+F_{ij}^{3}\sigma_{3}$ : $U\subset Marrow su(2)$ (19)
$\{\sigma_{1}, \sigma_{2}, \sigma_{3}\}$ Pauli
$\sigma_{1}=$ , $\sigma_{2}=$ , $\sigma_{3}=$ (20)
( ) Pauli




$\mathcal{F}=($ $=_{F_{14}}-F_{12}\mathrm{o}_{F_{13}}2$ $=_{F_{24}}^{F_{23}}F_{1\mathit{2}}0_{2}$ $-F_{34}F_{23}F_{13}0_{2}$ $F_{24}F_{34}F_{14}0_{2}$ ) (22)
$F_{ij}arrow\hat{F}_{ij}=(_{F_{*j}}^{F^{1}}F_{i}^{\cdot}:_{3}^{j}2j)$ (23)
$\mathrm{a}\equiv\hat{F}_{12}$ , $\mathrm{b}\equiv\hat{F}_{13}$ , $\mathrm{c}\equiv\hat{F}_{14}$ , $\mathrm{d}\equiv\hat{F}_{23}$ , $\mathrm{e}\equiv\hat{F}_{24}$ , $\mathrm{f}\equiv\hat{F}_{34}$ (24)
3 $\mathrm{x},$ $\mathrm{y},$ $\mathrm{z}$
(inner product), (exterior product) 3 (scalar triple product)
$(\mathrm{x}\mathrm{y})\equiv \mathrm{x}\cdot \mathrm{y}$ , $(\mathrm{x}\mathrm{x})\equiv \mathrm{x}^{2}$ , $(\mathrm{y}\mathrm{y})\equiv \mathrm{y}^{2}$ ,






$A=a^{1}\sigma_{1}+a^{2}\sigma_{2}+a^{3}\sigma_{3}\Rightarrow \mathrm{a}=(a^{1}, a^{2}, a^{3})^{T}$
(21)
$A^{2}$ $=$ $\{(a^{1})^{2}+(a^{2})^{2}+(a^{3})^{2}\}1_{2}+a^{1}a^{2}\{\sigma_{1}, \sigma_{2}\}+a^{1}a^{3}\{\sigma_{1}, \sigma_{3}\}+a^{2}a^{3}\{\sigma_{2},\sigma_{3}\}$
$=$ $\{(a^{1})^{2}+(a^{2})^{2}+(a^{3})^{2}\}1_{2}=\mathrm{a}^{2}1_{2}$ (25)
3 spinor









$0$ $=$ $|\lambda 1_{8}-gF|$












$\tilde{X}_{sd}^{\mathit{2}}$ $=$ $\{(\mathrm{a}-\mathrm{f})^{2}+(\mathrm{b}+\mathrm{e})^{2}+(\mathrm{c}-\mathrm{d})^{2}\}$ , (29)
$\tilde{X}_{asd}^{2}$ $=$ $\{(\mathrm{a}+\mathrm{f})^{2}+(\mathrm{b}-\mathrm{e})^{2}+(\mathrm{c}+\mathrm{d})^{2}\}$ (30)
$\tilde{X}_{sd}^{2}\tilde{X}_{a\epsilon d}^{2}=\{(\mathrm{a}-\mathrm{f})^{2}+(\mathrm{b}+\mathrm{e})^{2}+(\mathrm{c}-\mathrm{d})^{2}\}\{(\mathrm{a}+\mathrm{f})^{2}+(\mathrm{b}-\mathrm{e})^{2}+(\mathrm{c}+\mathrm{d})^{2}\}$
44 Ferrari Euler ( [8] ) (27)
64
$D$ $g^{4}\tilde{X}_{sd}^{2}\tilde{X}_{asd}^{2}$ ( )
$D-g^{4}\tilde{X}_{sd}^{2}\tilde{X}_{asd}^{2}$ $=$ $-4g^{4}[([\mathrm{a}\mathrm{f}]-[\mathrm{b}\mathrm{e}]+[\mathrm{c}\mathrm{d}])^{2}$
$-4\{([\mathrm{a}\mathrm{b}][\mathrm{e}\mathrm{f}])-([\mathrm{a}\mathrm{c}][\mathrm{d}\mathrm{f}])+([\mathrm{b}\mathrm{c}][\mathrm{d}\mathrm{e}])\}]$ (31)









$\lambda_{1}$ $=$ $i \frac{g}{2}(\tilde{X}_{sd}+\tilde{X}_{asd})$ , $\lambda_{2}=-i\frac{g}{2}(\tilde{X}_{sd}+\tilde{X}_{asd})$ ,
$\lambda_{3}$ $=$ $i \frac{g}{2}(\tilde{X}_{sd}-\tilde{X}_{asd})$ , $\lambda_{4}=-i\frac{g}{2}(\tilde{X}_{sd}-\tilde{X}_{asd})$ . (34)
(27) $\{\lambda_{1}, \lambda_{1}, \lambda_{2}, \lambda_{2}, \lambda_{3}, \lambda_{8}, \lambda_{4}, \lambda_{4}\}$
:
AFOS $\equiv$ $\mathrm{R}\mathrm{e}^{g\mathcal{F}}$ $\mathrm{m}\mathrm{o}\mathrm{d}$ {Exterior Products}
$=$ $2(\mathrm{e}^{\lambda_{1}}+\mathrm{e}^{\lambda_{2}}+\mathrm{e}^{\lambda_{4}}+\mathrm{e}^{\lambda_{4}})$
8 $\cos(g\frac{\overline{X}_{sd}}{2})\cos(g\frac{\tilde{X}_{asd}}{2})$
4 tr cos $(g \frac{X_{sd}}{2})\cos(g\frac{X_{asd}}{2})$ . (35)
65
$M$ first homology group $H_{1}(M, \mathrm{Z})$ first homotopy group (fun-
damental grouP) $\pi_{1}(M)$ –
$H_{1}(M, \mathrm{Z})\cong\pi_{1}(M)/[\pi_{1}(M), \pi_{1}(M)]=\pi_{1}(M)\mathrm{m}\mathrm{o}\mathrm{d} [\pi_{1}(M), \pi_{1}(M)]$
$[\pi_{1}(M), \pi_{1}(M)]$ $\{aba^{-1}b^{-1}|a, b\in\pi_{1}(M)\}$






$AFOS=4$ trcos $(g \frac{X_{\epsilon d}}{2})\cos(g\frac{X_{asd}}{2})$
with
$F_{ij}$ : $U\subset Marrow su(n)$ ,
X $=$ $(F_{12}-F_{34})^{2}+(F_{13}+F_{24})^{2}+(F_{14}-F_{23})^{2}$,



















4. 2 ( )
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2, 3 4 ?
1. DNA 4 $\{\mathrm{A}, \mathrm{T}, \mathrm{C}, \mathrm{G}\}$
4 (4 )
? 6 DNA 4 \theta
6 ?
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